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Abstract 


Four  experiments  were  conducted  on  the  effects  of  broadband,  high  intensity 
noise  on  human  performance.  In  two  experiments  the  subjects’  performance  was 
measured  on  a  Discrimination  Task,  based  primarily  upon  visual  discrimination 
and  short  term  memory,  and  in  the  other  two  experiments  performance  was 
measured  on  a  Hand-Tool  Dexterity  Test  Four  different  noise  exposure  condi¬ 
tions  were  used  in  each  experiment:  control  (70  dfi),  120  dB.  100  dB,  and  140  dB 
(re  0.0002  dyne/cm1}.  In  one  experiment  using  the  Discrimination  Task,  die 
subjects  wore  earplugs,  and  in  the  other,  subjects  wore  earplugs  and  an  caimuff 
with  one  earcup  to  produce  an  asymmetrical  noise  exposure  at  the  ears.  These 
two  types  of  ear  protectors  were  worn  also  by  the  subjects  in  die  two  experiments 
using  die  Hand-Tool  Dexterity  Task.  Decrements  on  die  Discrimination  Tide 
were  obtained  at  the  two  highest  noise  intensities  for  the  asymmetrical  exposure, 
and  no  decrements  were  obtained  for  any  symmetrical  exposure.  With  the  Hand- 
Tool  Dexterity  Test,  significant  decrements  were  obtained  at  die  noise  levels  of 
130  dB  and  140  dB  with  symmetrical  exposure,  and  at  140  dB  with  die  asym¬ 
metrical  exposure.  The  difference  in  performance  between  the  two  groups  was 
due  to  a  different  initial  level  of  ability  on  die  task  rather  dan  due  to  symmetrica! 
versus  asymmetrical  exposure  conditions.  The  results  indicate  that  asymmetrical 
exposure  had  a  greater  detrimental  effect  on  the  Discrimination  Task  dan  die 
symmetrical  exposure,  while  there  was  no  differential  effect  on  the  Hand-Tool 
Dexterity  Test  These  results  are  discussed  as  a  possible  effect  of  the  action  of 
high  intensity  noise  on  the  vestibular  systesn. 
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SECTION  L 

Introduction 


Various  subjective  symptom  have  been  reported  by  individuals  closed  to  high  intensity 
jet  noise  and  several  rsphnatinns  have  been  offered  to  account  for  die  symptoms.  Nausea,  vertigo, 
incoordination,  and  a  general  weakness  of  the  body  have  been  suggested  as  due  to  vestibular 
stimulation  and  to  the  elicitation  of  reflexes  ly  vibration  of  the  dan,  rmarlcs,  and  joints  (reft  1, 3). 
Symptoms  of  mental  confusion  or  difficulty  in  thinking  have  also  been  noted  (ref  3). 

In  spite  of  die  interest  in  effects  of  jet  noise  on  men  working  in  such  environments  very 
little  has  been  accomplished  in  die  objective  measurement  of  human  performance  efficiency  in 
noise.  Asiy  of  the  symptoms  experienced  by  individuals  in  jet  noise  could  lead  to  a  redaction  a 
performance  efficiency.  Furthermore,  since  proprioceptive  relents  function  for  die  stoat  part 
without  conscious  awareness;  performance  efficiency  could  be  affected  radar  severely  at  noire 
intensity  levels  lower  dan  those  nwoersasy  to  ehert  subjective  reports  of  A~wi«««i  incoordina¬ 
tion,  and  mental  confusion. 


In  previous  studies  (refs  4, 6),  we  lave  demonstrated  that  the  ability  of  subjects  to  balance 
on  narrow  nib  (equilibrium  function)  was  adversely  affected  at  noise  iiUnaitji  levels  below  A<w 
that  elicited  die  specific  subjective  symptoms  discussed  above.  A  particularly  important  variable; 
in  addition  to  noise  intensity,  in  producing  Ifitrmrnt  on  thr  nil  frit  wai  an  aij— wliiral  peri 
ewfetkn  of  die  noise  to  die  cars,  L  e,  bin' oral  staaulatwu  of  unequal  intmritier  at  each  of  the 
ears'.  Using  higher  intensities  of  noire  other  investigators  have  found  asyaosaetxical  npraei  to 
produce  more  severe  subjective  symptoms  than  symmetrical  qposures  (ref  1). 


The  present  study  repreacrits  an  extension  of  die  study  just  described  that  was  conducted 
using  the  rail  test  In  this  experiment,  an  attempt  was  made  to  drteimftsr  whether  comparable 
results  could  be  obtained  using  different  types  of  tasks.  One  task  was  a  Piirriwiweffc.i  Tmxk  dart 
required  primarily  the  use  of  visual  discrimination  and  short  term  memory,  and  the  other  task 
was  a  Hmnd-Tod  Dexterity  Text  designed  *  -  -  to  oetm  manipulative  M  independent  of 
'intellectual  factors-  (ref  2).  Of  particular  interest  was  die  dctcsminatfca  whether  asymmetrical 
exposure  has  a  more  adverse  affect  oa  these  tads  dam  symmetrical  esposure  or  whether  die 
observed  effect  is  specific  to  the  rad  test.  The  subjective  measure  used  in  die  rail  test  stady 
(ref  4)  was  alto  used  in  die  present  experiment  for  condition  with  the  results  of  the  Mental 
Task  and  the  Hand-Tool  Dexterity  Test 


SECTION  IL 

Method 


SUBJECTS 

A  total  of  48  male  university  stodents  was  used  a a  subjects  in  four  aptrimate.  They  were 
paid  volunteers  and  all  were  is  their  late  teens  or  early  twenties.  In  addition  to  normal  hearing 
at  aodiometric  test  frequencies  from  500  to  0000  Hz,  subjects  had  approximately  equal  sensi¬ 
tivity  in  both  ears  for  each  test  frequency.  No  subjects  were  included  in  the  study  who  had 
greater  than  5  dB  {re  OuOOOS  dyoe/ari*)  hearing  diEicrcpce  between  the  right  and  left  ear  at  any 
frequency. 


Subjects  were  tested  in  a  large  reveiherztioa  chamber  (145  x  173  feet)  winds  was  vacant 
except  for  the  experimenter,  the  subject,  the  task,  and  the  sound  source.  Figure  1  shows  die 
location  of  the  subject  and  eipoimtB»q  in  the  noise  chamber  while  the  Hand-Tool  Dexterity 
Test  was  being  administered.  Use  subject  sat  as  a  sadcarm  desk  while  taking  the  paper  and 
penal  Dtsrrinamtioo  Task. 

Figure  2  presents  the  ambient  octave  hand  levels  of  the  noise  used  is  the  study  and  the  re¬ 
sulting  octave  hand  levels  of  the  noise  as  a  consequence  of  the  different  types  of  ear  protection 
provided  die  subjects.  There  were  two  basic  exposure  conditions  presented  to  die  subjects,  a 
symmetrical  exposure  condition  in  which  die  subjects  wore  eargbgs,  and  an  asymmetrical  ex¬ 
posure  condition  a  winds  die  subjects  wore  earplugs  in  bods  ears  and  an  earcup  covering  die 
right  ear. 


EXPSBMPfTAL  M£ ASUL* 

ffintetfsa  T«ii 

One  page  trata  the  Task  used  is  ifa  esperinssnt  is  pcoBslod  ia  Sgsrt  2.  ^cbc^s 
appeared  in  1-iaa  square  txsc.  One  be*  contained  six  gajait  and  ns  ces£cs«a  diiortK 
above  lacr  bases  each  cl  which  ak>  totfcaw  sit  syatbciht.  The  subjects'  trOt  ns  to  <ce$tse 
each  ct  the  fcxsr  boxes  with  the  ose  centered  above  there,  and  io  aoo  the  gaadber  of  ^fasaas 
between  these  ca  a  aaedgeedyoader  each  cf  the  fonr  bores:  in  each  boa  there  was  as  *£*  or  a ‘‘V" 
is  the  upper  right  haw  comet;  an  "O*  or  a  V  is  the  taper  left  band  comer,  wish  wcito»: 
pairs  of  symbols  occspwigg  the  sest  Jtrsng  pecim  shown  is  %e»  3.  The  gaaarisoB  ns 
Bade  ss  to  •abettor  the  ss»  cr  dMczese  symbob  occr^aed  the  sear  icbthe  spatixl  peetes. 
Under  each  of  the  baa-  bases  the  schjed  wrote  a  aariber  that  represented  i*  awm  ce 
dfeta  .  between  that  particular  beat  sd  the  eae  centered  above.  The  rJlBBEB  SS^hc? 
of  ^feteacts  tbit  could  occnr  was  sa  sad  die  Btinurgsra  was  zero.  After  cccpefo  of  a  set 
of  corapEuses.  the  subjects  vat  ca  to  the  next  set  cf  fire  boxes,  then  to  a*  aal  mfl 
•were  cocsciesed  or  usbl  th_-  time  aSotnd  to  the  task  bad  expired. 


Pafcmace  on  this  task  ns  aeasrsed  ia  two  4-msaie  periods.,  nfli  1  aoetenstptn 
between  periods.  Ser  dietni  booklets  were  prepared  with  14  sheets  ia  each  one  so  that  a 
d  resent  test  booklet  was  axaikble  for  each  subject  for  each  tes^ag  wmm  The  order  of  the 
afeifaJ  sheets  is  each  booklet  was  saakE%  assigned  troca  tea  dfeeat  master  sheeu.  Two 
scores  were  ctecned  far  ead i  sd^ect,  a  score  far  the  last  4  nssaScs  and  a  score  far  the  second 
4  senates  cf  tesiag.  The  score  fcr  each  cf  "here  time  periods  was  the  ted  amber  cf  hens 
enffad  annas  die  masher  cf  errors  snde.  None  cf  die  ssbjscSs  were  able  to  complete  al  cf 
die  cseagMHhons  wkisa  (be  -f-sxaete  tsne  iang 
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Hand-Tool  Dexterity  Test 

The  equipment  for  this  task  consisted  of  three  horizontal  rows  of  nuts  and  bolts  mounted 
on  a  wooden  stanchion.  The  nuts  and  bolts  were  of  three  different  sizes  and  four  of  the  same 
.sizes  were  mounted  in  each  row.  The  Hand-Tool  Dexterity  Test  was  developed  by  Bennett  “to 
provide  a  measure  of  proficiency  in  using  ordinary  mechanics’  tools"  (ref  2).  The  subjects’  task 
was  to  remove  all  the  bolts  from  the  left  upright  and  transfer  them  to  corresponding  rows  on 
the  right  upright.  The  instructions  and  procedure  recommended  by  Bennett  (ref  2)  were  used. 
A  foam  rubber  pad  was  placed  over  the  working  area  surrounding  the  task  to  dampen  the  vibra¬ 
tion  of  the  nuts  and  bolts  produced  by  the  high  intensity  noise.  The  score  on  this  task  was  the 
time  taken  by  the  subject  to  transfer  the  nuts  ana  bolts  from  the  left  upright  to  the  right  upright. 
Although  no  norms  for  college  students  are  presented  by  the  author  of  this  task,  norms  are  pre¬ 
sented  for  4il  male  adults  at  a  vocational  guidance  center.  The  score  corresponding  to  the  1st 
per  "entile  was  12  min,  47  sec,  to  the  50th  percentile  6  min,  53  sec,  and  to  the  99th  percentile 
4  min,  32  sec. 

SUBJECTIVE  MEASURE 

A  subjee-tive  evaluation  of  the  noise  was  obtained  after  each  noise  exposure.  The  measure 
was  based  on  a  Semantic  Differential  technique  developed  by  Osgood  et  al  (ref  7)  for  measuring 
meaning.  The  subjects  were  asked  to  rate  “My  Experience  in  the  Noise  Chamber”  cm  16  scales  of 
“bipolar”  adjectives.  Four  bipolar  adjectives  were  chosen  to  assess  each  of  four  factors.  The 
adjective  scales  of  good-bad,  nice-awful,  valuable-worthless,  and  pleasant-unpleasant  were  used 
to  assess  an  Evaluative  factor  (E).  The  scales  of  heavy-light,  large-small,  thick-thin,  and  strong- 
weak  were  used  to  assess  a  Potency  factor  (P).  Sharp-dull,  angular-rounded,  active-passive,  ami 
fast-slow  were  used  to  assess  an  Activity  factor  (A).  The  scales  of  awkward-graceful,  private- 
public,  exciteable-calm,  and  constricted-spacious  sre  used  to  sample  what  Osgood  et  al  (ref  7) 
suggest  may  represent  “some  sort  of  anxiety  factor”  (Anx).  Standard  instructions  were  given  for 
the  Semantic  Differential  measure.  Since  in  previous  experiments  these  factors  were  significantly 
correlated  and  a  more  reliable  measure  could  be  obtained  by  using  one  score  based  on  all  four 
measures,  in  this  study  each  subject’s  score  was  the  mean  of  his  ratings  of  the  16  bipolar 
adjectives.  Scoring  was  on  a  scale  from  1-7.  A  score  of  1  would  indicate  that  the  subject  rated 
his  experience  in  the  noise  as  good,  light,  passive,  and  calm,  whereas  a  score  of  7  would  indi¬ 
cate  that  the  subject  rated  his  experience  as  baa,  heavy,  active,  and  excitable. 

Our  hypothesis  was  that  the  results  obtained  with  the  subjective  measure  would  be  similar 
to  the  results  obtained  in  our  previous  study  in  which  the  subjective  measure  was  presented 
after  the  rail  test.  In  the  rail  test  study,  the  mean  subjective  rating  increased  with  the  in¬ 
tensity  «f  the  noise,  and  the  means  for  the  asymmetrical  noise  exposure  conditions  were  higher 
tlian  the  means  for  the  symmetrical  exposure  conditions. 

PROCEDURE  AND  EXPERIMENTAL  DESIGN 

Upon  their  first  appearance  at  foe  laboratory  subjects  were  given  instructions  and  practice 
in  foe  proper  procedure  for  performing  the  tasks.  The  groups  that  performed  the  Discrimination 
Task  came  for  two  preliminary  training  sessions  in  which  they  performed  foe  task  without  noise 
in  foe  same  manner  as  used  in  the  experiment  proper,  i.e.,  two  4-minute  testing  periods  separated 
by  a  1-minute  rest  period.  In  addition,  at  foe  end  of  the  second  preliminary  training  session  sub¬ 
jects  were  briefly  exposed  to  foe  noise  at  each  of  foe  intensity  levels  used  in  foie  study.  The 
groups  that  performed  foe  Hand-Tool  Dexterity  Test  came  for  one  preliminary  training  session 
in  which  they  performed  foe  test  twice,  and  at  foe  end  of  the  practice  testing  were  also  exposed 
to  foe  noise  at  foe  intensity  levels  used  in  the  study.  Subjects  were  exposed  to  the  noise  during 
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the  practice  session  to  reduce  possible  anxiety  that  might  arise  later  in  the  experiment  due  to  the 
unaccustomed  exposure  to  noise. 

The  same  experimental  design  was  used  in  all  experiments.  Each  subject  received  all  ex¬ 
perimental  conditions  at  ambient  intensity  noise  levels  of  control  (70  dB),  120  dB,  130  dB,  and 
140  dB  (re  0.0002  dyne/cm2).  The  four  experimental  conditions  were  presented  in  four  differ¬ 
ent  orders,  ABCD,  BDAC,  CADB,  and  DCBA.  Two  subjects  were  assigned  to  each  cf  the  orders 
of  presentation  in  the  experiments  with  8  subjects,  and  4  were  assigned  for  each  order  in  the 
experiments  with  16  subjects.  A  summary  of  the  experiments  and  the  various  conditions  involved 
in  each  is  give  i  in  table  I. 


TABLE  I 

SUMMARY  TABLE  OF  EXPERIMENTAL  CONDITIONS 


Experi¬ 

ment 

No.  of 

Ss 

Ear  Protection 

Task  During  Noise 

After  Noise 

I 

8 

Earplugs 

Discrimination  Task 

Rail*  Subjective 

n 

8 

Earplugs  and  1  Muff 

Discrimination  Task 

Rail*  Subjective 

in 

16 

Earplugs 

Hand-Tool 

Subjective 

IV 

18 

Earplugs  and  1  Muff 

Hand-Tool 

Subjective 

•In  these  experiments,  a  rail  tert  for  measuring  equilibrium  was  presented  immediately  upon  termination  of  the 
noise,  and  the  subjective  evaluation  or  the  noise  was  obtained  subsequently.  The  rail  test  data  have  been  reported 
in  a  previous  paper  (ref  4). 
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SECTION  III. 

Results 


The  same  analysis  of  variance  technique  was  applied  to  all  data  obtained  in  the  experiments, 
since  the  same  experimental  design  was  used  for  all  experiments.  The  technique  was  one  recom¬ 
mended  by  Lindquist  (ref  5),  for  use  with  a  Type  II  experimental  design. 

Table  II  presents  the  results  of  Variance  Analyses  for  the  data  obtained  by  use  of  the 
Discrimination  Task.  In  the  four  analyses  summarized  in  this  table  only  one  significant  effect 
was  obtained  for  noise  conditions.  This  effect  was  obtained  for  the  first  4-minute  testing  session 
for  the  asymmetrical  exposure.  Mean  differences  were  evaluated  by  use  of  a  t  test  The 
decrements  associated  with  this  significant  effect  were  obtained  at  130  dB  and  140  dB  and  they 
differed  from  the  control  measure  at  probability  levels  of  p<-10  and  p<-05  respectively  (see 
table  III).  Figure  4  presents  these  data  in  graphic  form.  Although,  the  absolute  difference  between 
any  noise  condition  and  the  control  condition  is  relatively  small,  the  difference  between  asym¬ 
metrical  and  symmetrical  exposures  is'dearcut  for  the  first  4-minute  period.  There  is  improve¬ 
ment  in  performance,  although  not  statistically  significant,  at  the  130  dB  and  140  dB  levels  in 
the  symmetrical  group  and  a  decrement  in  performance  at  these  levels  for  the  asymmetrical 
group.  There  was  also  a  significant  effect  for  sessions  obtained  during  the  first  4-minute  test 
session  for  the  asymmetrical  exposure.  The  mean  of  the  4th  session  was  significantly  larger  than 
the  means  for  sessions  1  and  2. 

The  results  presented  above  were  based  on  a  corrected  score  measure  which  was  the  number 
of  boxes  completed  minus  the  number  of  errors  made.  Therefore,  the  decrement  in  performance 
could  have  been  due  to  an  increase  in  die  number  of  errors  or  due  to  a  decline  in  die  number  of 


COtmWL  120  00  MO  C0*TM0L  1*0  ISO  M0 
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items  attempted.  Figures  5  and  6  help  to  clarify  what  happened  to  die  subjects’  performance  as 
a  result  of  the  noise  exposures.  In  figure  5,  during  the  first  4  minutes  for  the  asymmetrical  ex¬ 
posure,  the  subjects  completed  approximately  the  same  number  of  boxes  under  all  noise  condi¬ 
tions.  If  die  same  period  is  examined  in  figure  6  for  asymmetrical  exposure,  the  mean  errors  in¬ 
creased  with  die  increasing  intensity  of  the  noise  exposure.  Therefore,  die  reason  for  die  decre¬ 
ment  in  performance  is  obvious. 


TABLE  II 

RESULTS  OF  VARIANCE  ANALYSES  FOR  CORRECTED 
SCORE  OF  DISCRIMINATION  TASK 


Analysis 

Source  of  Variance 
Gmups(Order)  Noise  Conditions 

Sessions 

NCxS 

Earplugs  and  1  Muff 

1st  4  minutes 

ns. 

PC.05 

p<J06 

ns. 

2nd  4  minutes 

ns. 

ns. 

ns. 

Earplugs 

1st  4  minutes 

ns. 

DLS. 

IU. 

ns. 

2nd  4  minutes 

ns. 

TVS, 

ns. 

ns. 

TABLE  m 

MEANS  AND  DIFFERENCES  FOR  CORRECTED  SCORE 

OF  DISCRIMINATION  TASK  FOR  NOISE  CONDITIONS 

Noise  Conditions 

Mean  A 

B 

C 

D 

Earplugs  and  1  Muff 

1st  4  Minutes 

A  (Control) 

44.25 

.72 

213* 

225** 

B  (120  dB) 

45.00 

2.88** 

aoo*** 

C(130dB) 

42.12 

12 

D(140dB) 

42.00 

Means  for  Nonsignificant  Measures 

Earplugs  and  1  Muff 

Control 

120  dB 

190  dB 

140  db 

2nd  4  Minutes 

42.62 

44.75 

4L00 

43.42 

Earplugs 

1st  4  Minutes 

45.00 

4450 

4558 

4558 

2nd  4  Minutes 

4450 

4425 

4558 

4450 

•p<.10 

•*p<.05 

***P<-01 
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These  figures  also  make  it  obvious  why  no  significant  decrement  in  performance  was  obtained 
during  the  second  4  minutes  for  the  asymmetrical  exposure.  As  can  be  seen  in  figure  6,  these  is 
little  change  in  error  scores  from  the  first  4  minutes  to  the  second  4  minutes,  however,  figure  5 
reveals  that  the  number  of  items  completed,  relative  to  the  centred  group,  increased  with  noise 
intensify  during  the  second  4-minute  exposure  and  this  increase  cancelled  out  the  effect  of  the 
errors  according  to  our  scoring  procedure.  By  examining  the  same  figures  for  symmetrical  expos¬ 
ures,  the  mean  error  is  much  less  al  the  two  higher  noise  levels  than  for  the  asymmetrical  ex¬ 
posures.  Further,  the  small  increase  in  error  is  more  than  compensated  for  by  an  increase  in  the 
number  of  items  attempted. 

Table  IV  presents  the  results  of  the  Analyses  of  Variance  performed  on  die  scores  obtained 
by  use  of  the  Hand-Tool  Dexterity  Test  In  the  analyses  performed  for  the  two  exposure  groups, 
significant  effects  were  obtained  both  for  noise  conditions  and  for  sessions.  Significant  increases 
in  the  time  taken  to  complete  this  task  occurred  at  noise  levels  of  130  dB  and  140  dB  for  sym¬ 
metrical  exposures,  and  at  the  noise  level  of  140  dB  for  asymmetrical  exposures  (see  table  V). 
Figure  7  presents  the  mean  time  in  seconds  that  the  subjects  took  to  complete  die  task  in  both 
exposure  groups  at  each  noise  condition.  From  this  figure  ihexe  was  a  huge  difference  between 
the  control  means  for  these  groups.  This  large  difference  in  the  initial  ability  of  these  groups  on 
the  tad:  makes  it  difficult  to  determine  the  relative  effects  of  asymmetrical  verms  symmetrica! 
exposure.  The  difference  between  groups  was  doe  mainly  to  the  data  obtained  in  session  1  as 
seen  ir,  figure  8  where  mean  time  to  complete  die  tad:  is  plotted  against  sessions  for  both  sym¬ 
metrical  and  asymmetrical  exposures.  There  was  a  large  difference  between  these  groups  dur¬ 
ing  session  1,  hut  relatively  little  differences  between  groups  during  the  remriaang  three  sessions. 
Because  of  the  extremely  poor  performance  of  die  subjects  during  session  1  for  asymmetries!  ex- 
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posture  regardless  of  noise  intensity  level,  differences  between  noise  conditions  were  obscured. 
Performance  at  the  lower  noise  levels  was  so  poor  drat  the  subjects  could  not  show  much  in¬ 
crease  in  mean  performance  time  at  die  higher  noise  levels  where  an  increase  might  he  expected. 
This  was  indeed  the  case  as  seen  in  figure  9  where  the  same  data  are  plotted  as  in  figure  7  minus 
die  data  for  session  L  With  the  data  from  session  1  removed,  the  shape  of  the  curve  for  sym¬ 
metrical  exposures  remains  apt  nadmctely  die  same  as  with  all  data  included.  In  contrast,  the 

TABLE  IV 

RESULTS  OF  VARIANCE  ANALYSES  FOR  HAND-TOOL 
DEXTERITY  TEST  (TIME  SCORES) 


Analysis 

Source  of  Variance 
Croups  (Order)  Noise  Conditions 

Sessions 

NCxS 

Earplugs  and  1  Muff 

ns. 

p<.006 

p<.001 

ns. 

Earplugs 

ns. 

pC.901 

p<.001 

ns. 

TABLE  V 

MEANS  AND  MEAN  DIFFERENCES  FOR  NOISE  CONDITIONS  FOR  HAND-TOOL 

DEXTERITY  TEST  (TIME  SCORES  IN  SECONDS) 

Note  Conditions 

Mem 

A  B 

C 

D 

Earplugs  end  I  Muff 

A  (Control) 

20335 

294 

LSI 

17.00* 

B(120dB) 

296.19 

4.75 

14.07* 

C(iaOdB) 

29L44 

18.81* 

D(140db) 

310.25  - 

Earplugs 

A  (Control) 

273.G9 

7.13 

13.09*  * 

3525* 

B(IiCdB) 

27256 

20.82* 

4238* 

C  (130  db) 

29838 

21.66* 

D  (140  db) 

314.94 

*P<^1 


curve  for  asymmetrical  exposure  shows  a  Urge  relative  increase  in  the  mean  time  to  complete  the 
task  at  die  130  dB  level  Tins  comparison  brings  the  results  of  both  groups  into  agreement;  an  in¬ 
crease  in  the  mean  time  to  complete  the  task  at  130  dB  and  140  dB  over  the  mean  time  for  con¬ 
trol  and  120  dB.  The  differences  among  noise  levels  are  still  larger  for  the  symmetrical  exposure 
group  than  for  die  asymmetrical  exposure  group  and  may  represent  a  true  difference  between 
groups. 

in  die  experiment  with  the  Hand-Tool  Dexterity  Test,  three  subjects  mentioned  that  they 
were  bothered  by  the  shaking  of  the  smallest  bolts  in  their  stations  by  the  noise  at  140  dB.  The 
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shaking  occurred  when  as  part  of  the  standardized,  test  procedure  the  subjects  transferred  the 
smallest  nuts  and  bolts  to  the  opposite  side,  tightened  with  the  fingers,  and  then  tightened  further 
using  a  screwdriver  and  an  adjustable  wrench.  The  main  difficulty  occurred  in  getting  the  screw¬ 
driver  and  wrench  in  place  after  they  had  initially  tightened  the  cuts  and  bolts  with  their  fingers. 
Direct  observations  by  the  experimenter  indicated  that  shaking  of  the  nuts  and  bolts  did  add 
to  the  time  required  to  complete  the  task  but  only  by  a  few  seconds  at  most  Eleven  subjects, 
questioned  after  the  spontaneous  comments  of  the  other  three  bad  been  received,  reported  that 
the  shaking  of  the  cuts  and  bolts  bothered  them  very  little  and  they  thought  it  had  little  effect 
on  their  performance. 

The  Semantic  Differential  measure  indicated  that  asymmetrical  exposure  was  rated  &  are 
severe  subjective  experience  than  die  symmetrical  exposure  condition  when  the  Discrim*  ion 
Task  was  used.  However,  when  the  Hand-Tool  Dexterity  Task  was  used,  there  was  little  def¬ 
ence  in  the  subjective  ratings  for  die  symmetrical  and  asymmetrical  groups  (see  tables  *  and 
VII).  In  figure  10,  there  was  a  dear  difference  between  mean  subjective  ratings  for  the  asym¬ 


metrical  and  symmetrical  exposures  when  die  Discrimination  Task  was  used.  These  data  indicate 
that  this  was  the  case,  since  a  significant  effect  for  noise  conditions  was  obtained  in  analyses  of 
variance  for  only  the  asymmetrical  exposure.  On  die  other  hand,  die  symmetrical  exposure  would 
seem  to  be  more  severe  at  the  higher  noise  levels  than  asymmetrical  exposure  for  die  Hand-Tod 
Dexterity  Test,  if  we  judge  from  the  curves  in  the  figure.  However,  statistical  analyses  conducted 
on  these  data  indicate  that  this  difference  was  probably  not  a  genuine  difference  (see  tables  V 
and  VI)  since  for  both  groups  the  mean  rating  at  130  dB  and  140  dB  wee  both  significantly 
higher  than  the  mean  ratings  at  control  and  120  dB,  and  the  mean  rating  at  140  dB  was  signifi¬ 
cantly  greater  than  the  mean  rating  at  130  dB. 
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TABLE  VI 

RESULTS  OF  VARIANCE  ANALYSES  FOR  SUBJECTIVE  RATINGS 

Source  of  Variance 


Analysis 

Groups  (Order) 

Noise  Conditions 

Sessions 

NCxS 

Menial  Task 

Eupjugs  and  1  MuM 

l is. 

p<-OOS 

ax 

n x 

Earplugs 

BX 

ax 

ax 

ax 

Hand-Tod  Dexterity  Text 

Earplugs  and  1  MuT 

ax 

P<J001 

ax 

ax 

Earplugs 

ns. 

p<001 

ax 

ax 

TABLE  VII 

MEANS  AND  MEAN  DIFFERENCES  FOR  SUBJECTIVE  RATINGS  AT  EACH 
NOISE  CONDITION  IN  ALL  EXPERIMENTS 


Noise  Conditions 

Mean  A 

B 

C 

D 

During  Mental  Task 
Earplugs  and  1  MuA 

A  (Control) 

ZJS1 

SA 

3S 

132** 

B  (120  dB) 

331 

.15 

L06** 

C(130dB) 

4.06 

33** 

D{140dB) 

439 

Means  for  Nonsignificant  Measure 

Earplugs 

3j80 

371 

354 

431 

During  Hand-Tod  Dexterity  Test 

Earplugs  and  1  Muff 

10 

A  (Control) 

341 

.46*' 

.72** 

B  (133  dB) 

351 

36" 

52** 

C(I30dB) 

357 

36* 

D(140dB) 

413 

Earplugs 

A  (Control) 

337 

12 

5S" 

L01** 

B  (120  dB) 

349 

.46* 

3S** 

C(130dB) 

336 

.43* 

D(l-JOdB) 

•p<jOS 
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Discussion 


The  reciks  obtained  with  the  Daaicnaaigi  Task  are  rchshdv  Scared  if  oak  the  data 
based  on  the  cmected  scores  are  cszaknd.  Asym  .netrkal  acese  eqnsse  had  a  detrimental  ef¬ 
fect  on  the  task  daring  the  Erst  4  minutes  cf  exposure  bet  ao  detrimental  «2«J  during  the  second 
4-rninate  exposure  srsskm.  Fa&taaae.  symmetrica]  noise  exposure  had  no  sigiineast  e”?ct  cn 
the  Ksoiam&n  Task  daring  either  the  Erst  or  second  4-ggante  periods. 

The  results  presented  above  wse  based  on  a  corrected  score  measure  that  was  the  number 
of  boxes  completed  oanas  the  number  cf  errors  made.  Therefore,  the  decresaesft  in  pedbcaigce 
ecu  3d  have  bees  doe  to  an  increase  h  the  number  cf  errors  or  a  decline  a  the  of  Wat 

attempted.  Tire  daEeresces  between  asymmetrical  and  svj  .ametrka]  exposures  can  be  better  oader- 
stood  fay  coosddciag  the  number  cf  bates  cackled  and  the  scaber  cf  errors  rather  thaw  the 
corrected  score  The  meet  interesting  aspect  is  the  Mneact  in  the  grrmher  cf  errors  made  % 
the  two  grtxrps.  The  asymmetrical  exposure  at  130  dB  and  1-iO  dB  act  cek  produced  more  errors, 
bet  die  mean  error  fer  the  second  4  minutes  was  ihxst  as  large  as  it  was  far  the  first  4  ssssScs. 
This  was  deck-  not  the  case  fix  spmftrif  il  opcssn  The  number  cf  errors  in  the  latter  case 
showed  a  clear  decline  from  the  Erst  4-ngnute  period  to  the  second  4^smute  period. 

The  apparent  adaptation  cf  the  asymmetrical  group  to  the  nose  occurred  by  an  increase  in 
the  rrmber  a  items  attempted  and  not  fay  a  decrease  in  the  number  cf  errors  made.  The  adapta¬ 
tion  cf  die  spunctncU  group  to  the  noise  was  doe  hi  a  decrease  ia  the  number  cf  bases  at¬ 
tempted  with  a  corresponding  increase  in  accuracy  {fever  errors). 


In  contrast  to  the  results  obtained  ca  the  14* Brryrr»TT>»t»nr>  Tr<i  the  results  cf  the  Wwml  fW- 
t-rity  Task  do  not  support  a  dScmtn]  efiect  fer  asymmetrical  icsus  symmetrical  exposures.  A 
significant  decrement  in  performance  was  obtained  is  the  symeaesrical  expo  jure  group  at  £®  dB 
and  140  dB.  and  at  140  dB  fer  the  asymmetrical  exposure  gioup.  This  resdt  was  jcenewhal  sss- 
peising  smee  a  previous  study  using  a  iad  test  {ref  4).  as  we3  as  the  DjcrammaTira  Task  is  tins 
study  proved  that  these  tasks  wee  more  adversely  afecied  by  asymmetrical  eapocaes. 

The  greatest  diereaoe  between  the  Hand-Tod  Dexterity  Test  greeps  occsmd  doi^  Mssce 


The  two  groups  were  quite  similar  is  performance  scores  falg  the  last  three  testlag  scaiar g. 
When  csdy  the  data  cf  the  last  three  sessions  were  xaed  to  ccsspute  fee  means  far  noire  ccorhtran 
(£gme  S),  it  was  found  that  the  curves  had  approximately  the  same  patera;  larger  mesa  tunes 
to  ccrcpleSe  the  task  at  the  fanner  noise  intensity  Joels  of  130  dB  and  140  dB  than  were  ob- 
tairaec.  at  the  lower  levels  of  control  and  120  dB.  Therefore,  we  would  teaft.tfwely  csedadr  that 
if  subjects  of  comparable  nstiaf  ahrrity  bad  bees  used  a  s^grefiraoe  increase  m  the  time  taken  to 
mmpW  the  tai  wcrH  have  unuued  at  die  higher  sxsf  sr/res2y  levels  fix’  beds  syeaaeSrical 
and  asymmetrical  exposures. 

There  are  a  sender  cf  possible  reasras  fir  toe  hskre  to  dcaaBtofe  a  Mcota]  efert 
fix  a^-aBxtricakyaartrkai  exposures.  ^«e  possSibiy  is  that  the  adverse  eSect  cc  prrfirffir’icr’ 
fix  both  asymmetrical  and  symmetrical  eqxaraes  was  dae  to  a  direa  aedcxal  stofexxe 
with  'das  task  and  this  mediators!  interference  was  sa  Seaeaft  to  obscure  a  dSEerea&al  efist  As 
meoboerd  in  the  ressrhs  secrics,  three  subjects  stated  that  they  were  bothered  by  shaking  cf  die 
smallest  bolts  in  their  stations  at  die  higher  noise  cfleway  kid  cf  140  cB.  Mechanical  inter¬ 
ference  undoubtedly  did  slow  down  the  subjects  at  140  dB.  eves  though  mot  subjects  reported 
that  Asking  of  the  bobs  acted  to  s3ov  them  down  very  little.  However,  mechanical  interference 
probably  did  not  produce  the  decrement  at  130  dB. 


. . 


Considering  the  data  obtained  in  previous  studies  on  the  rail  task,  and  in  the  present  study 
on  the  Discrimination  Task  and  the  Hand-Tool  Dexterity  Task,  die  more  adverse  effects  may  be  ex¬ 
pected  with  asymmetrical  exposure  on  tasks  that  require  a  high  degree  of  control  over  bodily 
balance  and  tasks  that  require  visual  discrimination  and  short  term  memory.  However,  on  simple 
manual  dexterity  tasks  there  would  seem  to  be  little  difference  in  the  effects  of  asymmetrical 
versus  symmetrical  exposures.  Additional  experiments  should  be  conducted  using  subjects  with 
the  same  initial  ability  on  manual  dexterity  tasks  to  determine  the  influence  of  this  variable. 

The  overall  results  seem  clear  in  pointing  out  that  the  rated  severity  of  noise  exposure  is 
very  much  affected  by  die  activity  an  individual  is  engaged  in  when  presented  die  noise.  The 
data  obtained  by  use  of  die  subjective  measure  agree  well  with  the  results  of  the  rail  test  and  the 
Discrimination  Task  in  that  asymmetrical  exposures  were  rated  as  being  more  severe  than  sym¬ 
metrical  exposures.  In  addition,  if  the  difference  on  the  Hand-Tool  Dexterity  Test  was  due  to  the 
difference  in  the  initial  level  of  ability  of  the  groups  on  this  task  rather  than  to  the  symmetrical- 
asymmetrical  variable,  then  die  subjective  measure  also  agrees  with  die  results  of  this  task,  since 
subjective  ratings  indicate  essentially  no  difference  in  results  as  a  consequence  of  symmetry- 
asymmetry. 

The  results  of  the  present  study  and  the  previous  one  using  the  mil  test  are  unusually  clear- 
cut  since  most  of  die  literature  on  the  effects  of  noise  on  human  performance  point  out  the  con¬ 
fused  state  of  the  area.  Shoenberger  and  Harris  (ref  9)  state:  "Perhaps  the  only  conclusion  one 
can  reach  from  reading  reviews  of  die  effects  of  noise  on  human  performance  is  that  there  are 
effects.  Whether  these  effects  are  detrimental  or  facilitative  (or  both),  how  they  are  related  to 
intensity,  what  changes  occur  over  time,  etc,  remain  largely  undetermined.”  The  main  reason  our 
results  seem  dearcut  relative  to  die  previous  literature  is  that  we  are  no  longer  studying  the  same 
problem  as  is  discussed  in  some  of  die  early  review  articles  on  the  effects  of  noise  on  performance. 
Although  die  noise  intensities  in  die  ear  canals  of  our  subjects  were  no  higher  than  have  been 
used  in  many  previous  experiments  reported  in  the  literature,  the  difference  appeals  to  be  greater 
extra-auditory  effects  of  noise  on  ether  body  mechanisms  in  the  present  studies.  The  exact  extra- 
auditory  system  that  interacts  with  noise  in  die  ear  canal  to  produce  decrements  in  performance 
is  not  known  at  this  time.  Ades  (ref  1)  has  suggested  a  number  of  years  ago  that  "the  first  sensory 
system  after  the  auditory  to  be  assaulted  by  intense  noise  is  the  vestibular."  Our  results  give  some 
support  to  this  premise  since  those  tests  that  involved  greater  proprioceptive  activity  (the  rail 
test  and  Hand-Tool  Dexterity  Test)  revealed  greater  sensitivity  to  the  noise  than  did  die  test 
that  involved  little  proprioceptive  act?  (Discrimination  Task).  Many  other  explanations  of  the 
results  of  the  preesnt  experiment  could  be  offered,  however  additional  research  is  needed  to  bet¬ 
ter  define  the  response  of  the  vestibular  system  to  high  intensity  noise  exposure. 
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IS.  ABSTRACT 

Four  experiments  were  conducted  on  the  effects  of  broadband,  high  intensity  noise  on 
human  performance.  In  two  experiments  the  subjects’  performance  was  measured  cn  a 
Discrimination  Task,  based  primarily  upon  visual  discrimination  and  short  term  memory, 
and  in  the  other  two  experiments  performance  was  measured  on  a  Hand-Tool  Dexterity 
Test.  Four  different  noise  exposure  conditions  were  used  in  each  experiment:  control 
(70  dB),  120  dB,  130  dB,  and  140  dB  (re  0.0002  dyne/cm2) .~~In  one  experiment  using  the 
Discrimination  Task,  the  subjects  wore  earplugs,  and  in  the  other,  subjects  wore  ear¬ 
plugs  and  an  earmuff  with  one  earcup  to  produce  an  asymmetrical  noise  exposure  at  the 
ears.  These  two  types  of  ear  protectors  were  worr.  also  by  the  subjects  in  the  two 
experiments  using  the  Hand-Tool  Dexterity  Task.  Decrements  on  the  Discrimination 
Task  were  obtained  at  the  two  highest  noise  intensities  for  the  asymmetrical  exposure, 
and  no  decrements  were  obtained  for  any  symmetrical  exposure.  With  the  Hand-Tool 
Dexterity  Test,  significant  decrements  were  obtained  at  the  noise  levels  of  130  dB  and 
140  dB  with  symmetrical  exposure,  and  at  140  dB  with  the  asymmetrical  exposure.  The 
difference  in  performance  between  the  two  groups  was  due  to  a  different  initial  level  of 
ability  on  the  task  rather  than  due  to  symmetrical  versus  asymmetrical  exposure 
conditions.  The  results  indicate  that  asymmetrical  exposure  had  a  greater  detrimental 
effect  on  the  Discrimination  Task  than  the  symmetrical  exposure,  while  there  was  no 
differential  effect  on  the  Hand-Tool  Dexterity  Test.  These  results  are  discussed  as  a 
possible  effect  of  the  action  of  high  intensity  noise  on  the  vestibular  system. 
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